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by
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Northrop Services, Incorporated

¢

ABSTRACT

An aerodynamic static stability and pressure test of a 2.8 percent scale

model (MSFC model number 483) of the right hand Space Shuttle Solid Rocket

Booster (SRB) reentry configuration was conducted at the NASA Ames Research

Center's Unitary Plan Wind Tunnels. The wind tunnel test number was ARC-

074-1, NASA Series Number SAIIF (a, b, c), and occupied the three legs of

the Unitary Plan Wind Tunnel for 433 hours. The test start date was 29

March 1976 and the test was completed on 7 May 1976. A total of 406 test

data runs were made for Mach numbers 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, I.I,

1.2, 1.4, 1.96, 2.50, 3.00, and 3.48. Angles of attack ranged from 60 to

195 degrees. There were 60 pitch polars run in the 8 x 7 foot test sec-

tion, 278 pitch polars run in the ii x Ii foot test section, and 68 pitch

polars run in the 9 x 7 foot test section. The configuration of the SRB

was tested with a solid heat shield, a flexible heat shield, without a

heat shield, and with the nozzle balance cavity sealed. The SRB configu-

ration roll angles were 0, 45, 90, and 225 degrees. Reynolds numbers (RN/L)

range from 1.02 to 6.00 million per foot. Schlieren photographs were taken
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ABSTRACT (Concluded)

of selected configurations and at selected angles of attack. Model tunnel

installation photographs were also taken.
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NOMENCLATURE

G

SYMBOL

AF

bref

CA

CA m

C_

C_ m

c=

%

CN

CN m

%

CB m

CP i

CY m

MNEMONIC

BREF

CA

CBL

CLMM

CNM

CYNM

CP

CYM

DEFINITION

axial force measured by the primary balance

reference span (diameter of the cylindrical

section of the model)

total axial force coefficient in the body

axis system

total axial force coefficient in the

missile axis system, FAm/q_ Sref

rolling moment coefficient in the body axis

system

rolling moment coefficient in the missile

axis system, MXm/q_ Sre f bref

pitching moment coefficient in the body axis

system

pitching moment coefficient in the missile

axis system, Mym/q® Sref £ref

normal force coefficient in the body axis

system

normal force coefficient in the missile axis

system, FNm/q_ Sre f

yawing moment coefficient in the body axis

system

yawing moment coefficient in the missile

axis system, MZm/q_ Sref £ref

Pi-P_
static pressure coefficient;

q®

side force coefficient in the body axis system

side force coefficient in the missile axis

system, Fym/q_ Sre f

5
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SYMBOL

FAm

FNm

FYm

£body

£ref

MXm

MYm

MZm

MRP

NF

Pi

Pt

P_

PM

q_

MNEMONIC

LREF

Q(PSF)

NOMENCLATURE (Continued)

DEFINITION

total axial force in the missile axis system,

positive in the negative direction of Xm

normal force in the missile axis system,

positive in the negative direction of Zm

side force in the missile axis system, posi-

tive in the positive direction of Ym

length of the SRB with complete nozzle

reference length (diameter of the cylin-

drical section of the model)

rolling moment in the missile axis system,

i.e., moment about the Xm-axis (a positive

rolling moment tends to rotate the positive

Ym-axis toward the positive Zm-axis

pitching moment in the missile axis system,

i.e., moment about the Ym-axis (a positive

pitching moment tends to rotate the positive

Zm-axis toward the positive Xm-axis)

yawing moment in the missile axis system,

i.e., moment about the Zm-axis (a positive

yawing moment tends to rotate the positive

Xm-axis toward the positive Ym-axis

abbreviation for moment reference point

normal force measured by the primary balance

local static pressure

free stream total pressure

free stream static pressure

pitching moment measured by the primary

balance

free stream dynamic pressure

UNITS

ib

Ib

ib

in.-lb

in.-ib

in. - Ib

lb.

psi

psi

psi

in.-Ib

psf
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NO_NCLATURE (Continued)

SYMBOL

RN

_/e

Sref

SF

SRB

Tt

TVC

X,Y,Z

MNEMON IC

RN/L

SREF

XB

XCpp/£body XPCP/L

XCpy/£body XYCP/L

DEFINITION

rolling moment measured by the primary
balance

Reynolds number per unit length

reference area (cross sectional area of

the cylindrical section of the model)

side force measured by the primary balance

abbreviation for space shuttle Solid Rocket
Booster

free stream total temperature

abbreviation for Thrust Vector Control

body axes system coordinates (for an air-

plane, the X, Z-plane is the plane of

symmetry, the origin of the axes system is

the center of gravity or any other conveni-

ent point, and the X axis is the airplane

longitudinal axis)

model body station measured from the nose

of the SRB along the Xm axis in the negative

direction of Xm

longitudinal center of pressure location in

the Xm-Zm plane, measured aft from SRB nose,

as a portion of SRB body length, £body

XCPp/£body ffi
£body

XI_ZP- CN--m £ref

longitudinal center of pressure location in

the Xm-Y m plane, measured aft from SRB nose,

as a portion of SRB body length, £body

Cnm

XMRP - Cy-_ £ref

XCpY/£b°dy = £body

UNITS

in.-ib

per foot

in. 2

Ib

oF

in.



SYMBOL MNEMONIC

Xm,Ym,Zm

XM_, X_,

YMP,P, YMRP,

ZMRP ZMRP

YM

ALPHAI

a t ALPHA

B BETA

e THETA

PHI

NOMENCLATURE (Concluded)

DEFINITION

missile axis system coordinates (a non-

rolling body axis system that never

rotates about the missile or model

longitudinal axis. It is identical with the

body axis system at zero roll angle)

location of the MIRP in the missile axis

system measured from the X m axis at the SRB

nose and positive in the same direction as

Ym and Zm but positive in the negative

direction of Xm

yawing moment measured by the primary

balance

angle-of-attack

total angle-of-attack, angle between the

Xm-axis and a vector in the direction of
the air flow

angle of attack of the model when the

model support mechanism is at zero refer-

ence angle

angle-of-sides lip

angular orientation of pressure orifices

measured in a clockwise direction from the

top of the model in a view looking toward

the nose

roll angle, i.e., angle between the missile

Ym-axis and the body Y-axls (from a pilot's

viewpoint in an airplane, a positive roll

angle is a clockwise rotation).

UNITS

in.

in. -Ib

degrees

degrees

degrees

degrees

degrees

degrees
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INTRODUCTION

The wind tunnel test described herein is a continuation of a series of

tests to determine the aerodynamic static stability characteristics and

the pressure distribution of the Space Shuttle Solid Rocket Booster (SRB)

reentry configuration. The model was a 2.8 percent scale model of the

146 inch diameter right hand SRB reentry configuration with a heat shield

and truncated engine nozzle, as described in Reference (i). Aerodynamic

data for the SRB reentry configuration at reentry attitudes were obtained

for evaluation of:

o Aerodynamic Static Stability (six component)

o Static Pressures for Loads Distribution

o Static Pressure for Venting Analysis

o Static Pressures for Parachute Deployment Baroswitch
Analysis

The test was conducted in all three test sections of the NASA Ames

Research Center's Unitary Plan Wind Tunnel. The wind tunnel test SAIIF(c)

was conducted in the 8 x 7 foot test section from 29 March 1976 to 14

April 1976 with a total of 60 test runs conducted. The wind tunnel test

SAIIF(a) was conducted in the ii x ii foot test section from 14 April

1976 to 26 April 1976 with a total of 278 test runs being made. Test

SAIIF(b) was conducted in the 9 x 7 foot test section from 26 April 1976

to 7 May 1976 with a total of 68 test runs being conducted.

9



INTRODUCTION (Concluded)
-<

The model represents the SRB configuration after separation of the nozzle

extension which occurs near apogee of the reentry trajectory. All major

protuberances were simulated. The configuration is specified by MSFC SRB

Mold Lines & Protuberances - MSFC DWG IOA00332 Rev. B. The model and its

support hardware is designated MSFC model number 483. Complete model

drawings are included as Appendix A. The SRB configuration was tested

with a solid heat shield, a flexible heat shield, without a heat shield,

and with the nozzle balance cavity sealed.

The model was designed to accommodate a six component internal strain

gage balance to measure total forces and moments on the model, and with

351 pressure orifices to measure static pressures.

An internal four component nozzle balance was also designed to measure

forces and moments on the engine nozzle. The values recorded with this

four component balance were small in relation to the desig n loads and not

in the accurate range of the balance. Therefore the nozzle data are not

included in this report.

Other wind tunnel tests which have been conducted to determine static

aerodynamic stability characteristics of this same SRB configuration are:

SAI4FB, SAI6F, and SA31F (References (2) through (5) respectively).

Included in this report are detailed descriptions of the test facility,

model and test hardware, instrumentation, configurations tested, test

program, data reduction, and data presentation.

i0



CONFIGURATIONS INVESTIGATED

The model tested was a 0.028 scale representation of the 146 inch dia-

meter right hand Solid Rocket Booster reentry configuration defined by

MSFC SRB Mold Lines & Protuberances - MSFC DWG IOA00332 REV. B with

the nozzle truncated Just aft of the compliance ring. The SRB model was

made of stainless steel and was assigned MSFC model number 483. The

general arrangement of the model and major dimensions are shown in

Figure l(a) and l(b). Additional dimensional data can be found in

Table I. Complete model drawings are given in Appendix A.

The model was tested with a solid heat shield, a flexible heat shield,

without a heat shield, and with a solid heat shield and the nozzle

balance cavity sealed. Figures l(c) through l(e) depict these conditions.

A total of 13 protuberances were modeled. Details of the protuberances

are presented in Figure 2. Most of the protuberances were made integral

to the SRB model or were silver soldered to the model after machining.

An exception was the cable systems tunnel which ran the length of the mo-

del and was constructed in three sections. Two of these sections covered

screws used to attach both the model nose and tail sections to the model

center section. Therefore they were removable. The third section was

the only protuberance on the model center section. Since the center sec-

tion did not rotate on the balance, model roll was accomplished by rolling

the nose and aft sections of the model on the center section and adjusting

11



CONFIGURATIONS INVESTIGATED (Continued)

the cable system tunnel section piece accordingly. Model roll positions

could be simulated in increments of 45 degrees.

The original design provided for the model to be side mounted as shown

in Figures l(f) and l(g). Prior to the test, an additional straight

sting and cut out nose were designed, Figures l(h) and l(i),which

allowed testing over an increased angle of attack range, without sting

interference produced by the side mount. The side strut exited the for-

ward end of the model center section and extended out approximately 24

inches, perpendicular to the model as shown in Figure l(f). The instru-

mentation wiring was routed out of the model and through a shield on the

trailing _dge of the side strut. When the model was mounted on the

stralght sting, the instrumentation wiring was routed through the center

of the sting. Both mounts attached to the end of the main sting exten-

sion and _either could be positioned in several separate preset angular

positions _, see figure i(i). Both mounts were also capable of being re-

motely pivoted through an angle of 25 degrees to allow testing over two

angle of _attack ranges without reentering the tunnel to reposition the

mount. The pivoting of the mount was activated by a hydraulic piston

mounted to the main sting extension.

The model was designed to provide three types of SRB reentry aerodynamic

data; total vehicle static stability coefficients, vehicle pressure dis-

tributions, and nozzle aerodynamic loads.

12



CONFIGURATIONSINVESTIGATED(Continued)

Total vehicle static stability data were obtained from the main six-com-

ponent force and moment strain gage balance located in the model center

section (see figures l(j) and l(k)).

Static pressures were measured at 351_locationson the model nose and

aft sections as shown in figure 3(a) and 3(b). This required eight scani-

valves, four in each of two units, which were placed in the model as

shown in figure 3(c). Of the 176 pressure ports on the model aft section,

four were located on the base of the SRB skirt in 90 degree increments,

four were located inside the skirt in 90 degree increments, one was used

to measure cavity pressure inside the nozzle balance, one measured the

pressure inside the nozzle balance cavity on the outside of the nozzle

balance, and two measured the pressure in the aft scanivalve cavity.

All others, including the 175 ports on the nose sections, were surface

static pressures.

When the model was nose mounted the nose pressure orifices were elimi-

nated because the straight sting, which entered through the nose and ran

the entire length of the nose section, occupied the space normally re-

served for pressure tubing and scanivalves.

Nozzle aerodynamic loads were determined from MSFC #246, four component

force and moment balance located in the model aft section. The scaled

13



CONFIGURATIONS INVESTIGATED (Concluded)

truncated nozzle mounted directly to the strain gage balance. Nozzle

measured loads were small in comparison to the balance capacity and were

not within the balance tolerance levels. They have therefore been de-

leted from _his report.

14
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TEST CONDITIONS

The Mach numbers for which data was obtained are 0.4, 0.5, 0.6, 0.7,

0.8, 0.9, i.i, 1.2, 1.4, 1.96, 2.50, 3.00 and 3.48. Mach numbers

from 0.4 through 1.4 were obtained in the ii by ii foot Transonic

Wind Tunnel. Mach numbers of 1.96 and 2.50 were obtained in the

9 by 7 foot Supersonic Wind Tunnel. The Mach numbers 3.00 and 3.48

were obtained in the 8 by 7 foot Supersonic Tunnel. Table II lists

the specific test conditions for each Mach number. Angle of attack

ranged from 60 to 195 degrees. Force and moment data were taken at

angle of attack increments of 2.5 or 5.0 degrees. Pressure data were

taken approximately every i0 degrees. The model was tested at roll

angles of 0, 45, 90, and 225 degrees. A run schedule is presented

in Table III (a and b), the Data Set Collation sheets. Table III(a)

details the test conditions for the force and moment data and Table

III(b) details the test conditions for the pressure data.

15



TEST FACILITY DESCRIPTION

The Ames Unitary Plan Wind Tunnel facility has three separate wind tun-

nel test sections. All three of these test sections were utilized dur-

ing this test.

The ii- by ll-foot Transonic Wind Tunnel is a closed-return, variable-

density tunnel with an ll-foot-square test section. It has an adjustable

nozzle with two flexible walls and a slotted test section to permit

transonic testing. The normal Mach number range of the ii- by ll-foot

Transonic Wind Tunnel is 0.7 to 1.4. The tunnel Reynolds number range

is 1.7 to 9.4 x 106 per foot.

The 9- by 7-foot Supersonic Wind Tunnel is of the closed-return, variable-

density type with a 9- by 7-foot rectangular test section. The nozzle

is of the asymmetric, sliding-block type in which the variation of the

test section Mach number is achieved by translating, in the streamwise

direction, the fixed-contour block that forms the floor of the nozzle.

The Mach number range of the 9- by 7-foot Supersonic Wind Tunnel is 1.55

to 2.5. The Reynolds number range is 1.5 to 6.5 x 106 per foot.

The 8- by 7-foot Supersonic Wind Tunnel is a closed-return, variable-

density tunnel with an 8- by 7-foot rectangular test section. The nozzle

has flexible side walls with fixed upper and lower surfaces. The Mach

number range of the 8- by 7-foot Supersonic Wind Tunnel is 2.45 to 3.5.

The Reynolds number range is 1.0 to 5.0 x I08 per foot.

[6



TESTFACILITYDESCRIPTION(Concluded)

The three wind tunnels described aboveare poweredby a commonset of

four, wound-rotor induction motors. The speed of the motors is continu-

ously variable over the operating range. The motors have a combined

output of 180,000 horsepowerfor continuous operation, or 216,000horse-

power for one hour. Whenpower is required for either the 9- by 7-foot

or 8- by 7-foot Supersonic Wind Tunnels, the motors are engaged to an

ll-stage axial-flow compressor. Air flow for the Ii- by ll-foot Tran-

sonic Wind Tunnel is developed by a three stage, axial-flow compressor.

For conventional steady-state tests, models are generally supported on

a sting with internal straln-gage balances for measuring forces and

moments. Facilities for measuring multiple steady or fluctuating press-

ures are available. The model angle of attack sweep in the ii- by ll-

foot and the 8- by 7-foot wind tunnels is in the vertical plane. In the

9- by 7-foot wind tunnel the angle of attack sweep is in the horizontal

plane.

In the three wind tunnels described, schlieren systems are available.

Flow patterns may be photographed or viewed in real time. A system for

obtaining photographic shadowgraph negatives is also available.

For further information about these facilities, see Reference (6).

17



INSTRUMENTATION

TOTAL FORCES AND MOMENTS

The total forces and moments acting on the SRB were measured by Ames

Research Center balance MARK XV A. The balance was mounted with the

fixed end toward the model nose. The top of the balance was upstream

when the model was side mounted and downstream when the model was end

mounted. Balance orientation is shown in Figure l(k).

LOCAL STATIC PRESSURES

Eight scanlvalves equipped with 15 psid pressure transducers were used

to monitor the 351 pressure orifices on the model. Four scanivalves

were located in the removable nose section (when side mounted) and were

connected to the 175 orifices on that portion of the model. When the

model was nose mounted, the straight sting occupied the scanivalve space

in the nose section and therefore nose pressures were not recorded. The

176 orifices on the aft portion of the model body were connected to four

aft scanivalves. Scanivalve locations are shown in Figure 3(a). The

locations of the pressure orifices are shown in figure 3(b) and 3(c).

There were no pressure orifices on the model center body. The relation-

ship between orifice number and model location is depicted in Tables IV

and V. T_ese tube numbers are correlated to scanivalve positions in

Tables VI and VII.

18



DATA REDUCTION

WIND TUNNEL CONDITIONS

The wind tunnel conditions (P , Pt, Tt) were used to calculate the Mach

number, the dynamic pressure, and the Reynolds number.

MODEL ATTITUDE

The pre-set model attitude (=') was combined with the facility sting

attitude measurement and the calculated sting and balance deflection cor-

rection to determine the total angle of attack (_t).

Roll attitude (a function of the way the model was assembled on balance)

was recorded and used in the reduction of the nozzle force and moment

data. No attempt was made to calculate a roll correction due to deflec-

tions.

TOTAL FORCES AND MOMENTS

The six component total force and moment data was corrected for weight

tares, resolved in the missile axis system and presented in the form of

nondimensional coefficients (CNm , Cmm , CYm , Cnm , C£m , CAm). The missile

axis system is illustrated in Figure l(m). This system is a non-rolling

body axis system that is frequently used in studies of missile flight

dynamics. It is identical with the body axis system at zero roll angle.

In addition to the six force and moment coefficients, the locations of

the centers of pressure were calculated for both the longitudinal

(XCpp/_body) and lateral (XCpy/£body) planes.

19



DATA REDUCTION (Concluded) _

The moment reference point (MRP), illustrated in Figure l(a) corresponds

to the center of gravity of the SRB after separation from the external

tank. The MRP and reference areas and lengths are given in Table VIII.

LOCAL STATIC PRESSURES

The local static pressures were reduced to coefficient form (Cpi-Pi-P_).
q®

NOZZLE FoRcEs AND MOMENTS

The values recorded for nozzle forces and moments were small in relation

to balance design loads and not in the accurate range of the nozzle bal-

ance. Therefore the nozzle data are not included in this report.

20
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DATA PRESENTATION

The aerodynamic static stability data are plotted as a function of angle

of attack in Figures 4 through ii and tabulated in Appendix B. The static

pressure coefficients are tabulated in Appendix B (Vol 2). The nozzle

force and moment data are not presented in this report because their mag-

nitudes were small in relation to the nozzle balance design loads and

therefore not in the accurate range of the balance. Dataset numbers for

the force and moment data are presented on the Data Set Collation sheets,

Table Ill(a). The Dataset numbers for the static pressure data,are

listed on the Data Set Collation sheets, Table Ill(b).

Data Plots

The plots of the aerodynamic static stability coefficients, and center

of pressure location versus angle of attack are presented in the follow-

ing groups:

o SRB Reentry Configuration Aero Characteristics, Solid Heat Shield,

PHI = 0 Deg.

PHI = 45 Deg.

PHI = 90 Deg.

PHI = 225 Deg.

o SRB Reentry Configuration Aero Characteristics, W/O Solid Heat

Shield,

PHI = 0 Deg.

o SRB Reentry Configuration Aero Characteristics, Flexible Heat

Shield

PHI = 0 Deg.

21



DATAPRESENTATION(Continued)

o SRBReentry Aero for Several Reynolds Numbers,Solid Heat Shield,

PHI = 0 Deg.

o SRBReentry Aero for Several Reynolds Numbers,Solid Heat Shield,

PHI = 90 Deg.

Refer to the Index of Figures for plot location.

The Data Plots also have listed information describing the model configu-

ration, the model attitudes, the tunnel flow conditions, and model refer-

ence dimensions.

Data Tables

The Data Tables presented are in order according to dataset number and

each contains a listing of the six static stability coefficients, the

center of pressure location, and the static pressure coefficients. In-

formation describing the model configuration, the model attitudes, the

tunnel flow conditions, and model reference dimensions are included in

each tabulation.

The static pressure data presented in Appendix B have been reviewed and

questionable or erroneous data caused by testing problems deleted (Refer-

ence 7). The major causes of pressure data uncertainty are as follows:

o Scanivalves malfunctions

o Blocked or partially blocked ports

o Pressure data system calibration and zero repeats wrong or

in doubt

22
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DATA PRESENTATION (Concluded)

o Non-repeatability and incomparable data related to scanivalves

4, 7, and 8.

Static pressure coefficient data for port numbers 204, 236, and 266 are

not presented because of their locations in the model. Two of the pres-

sure ports were located in the scanivalve package and one was attached

to the inner wall of the SRB model tail section, external to the nozzle

balance. The locations of these three pressure ports were not signifi-

cant to the static pressure distribution of the SRB. Pressure coefficient

data for port numbers 347, 348, 349, 350 and 351 are not presented be-

cause four ports were located under the SRB skirt and one was in the

nozzle balance cavity. The pressure coefficient data for these ports

may have been influenced by air flow through the nozzle balance.

The accuracy of the static pressure data has been determined to be ±0.03

of the pressure coefficient. The location of the pressure ports on the

model are accurate (with few exceptions) to within one half diameter of

of the pressure port (± .02 in.) and ±0.6 degree in angular location.

All exceptions to this accuracy are indicated in Table IV.
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Table I. MODEL DIMENSIONAL DATA

MODEL COMPONENT: 146 INCH SRB

GENERAL DESCRIPTION: 146 INCH SRB NOSE, BODY, AND ENGINE SKIRT/NOZZLE

COMBINATION

MODEL SCALE: 0.028

REFERENCE DRAWING(S): MSFC 80M51462

DIMENSIONS:

NOSE

Length
Max. Diameter

Cone Angle

BODY

Length
Max. Diameter

Max. Cross-Sectional Area

ENGINE SHROUD

Flare Angle

Length
Max. Diameter

ENGINE NOZZLE

Distance Inside Skirt

Max. Diameter

SRB TOTAL LENGTH

FULL-SCALE

Ig5.0 in.

146.0 in.

ITo

1443.583 in.

146.0 in.

18°40 '

92.057 in.
"208.20 in.

1.216 in.
-l19".36 in.

1730.64 in.

THEORETICAL

MODEL-SCALE

5.460 in.
4.088 in.

18°

40.420 in.
4.088 in.

13.125 in.2

18°_0 '
2.578 in.
5.830 in.

0.034 in.
3.342 in.

48.458 in.

f
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TEST: SAIIF (a) j

Table II ' M-g224A-77'27

i

MACH

NUME]ER

0.4

0.5

,|
0.6

0.7

o.8 ,

i

0.9

1.
1.1

i

1.2

1.4

TEST CONDITIO N S

REYNOLDS DYNAMIC

NUME] ER PRESSUR E

(plr unit length) {pound$/$q.lnch)

5.'07 x 10(_/Ft 416
ii ii

3,97 327
i •

2.49 207

4.96 507
,ii

2.50 253

5.98 721
i,m

2.48 295
i

1.02 122
,i

5.9g 823
i

2.50 338

5.99

2.50

6.O0 1008
i

,2.51 411

5.99 1158

2.46 448

5.99 1220

STAGNATION

TEMPERATURE

(aegrees Fohrenhelt )

100

s TAGNAT[O N

PRESSURE

( Dounds/sq inch)

ii i

28.8

2.49 472

3.01 619

• ,,i

i

,,,=|

22.6

14.3

23.9

II .9

25.3

I0.4
im

4.3

23 .I

.5

920 21
374 8.8

.i, i

20.9

120

i i i im

8.5

20.3

7.8

20.4

7.9

10.0

BALANCE UTILIZED: AMES RESEARCH.ENTER - MARK XVA

CAPACITY: ACCURACY:

NF 2000 LBS/GAGE
i •

SF I000 LBS/GAGE

AF , 800 LBS/GAGE

PM

RM 2000 IN.-LBS

YM

IH

MSFC. Form 3ll-i (Re'v. April 1113)
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Table

TEST: SAIIF (b, c)

II. (CONCLUDED) , M-g224A-77-27
i iii

DATE :
I

TEST CONDITIONS

MACH

NUMBER

l.96
i J ,

2.50

3.00
ill

3.48

REYNOLDS

NUMBER

(per unl! length )
i

2.99 x 106/FT.

1.99 x 106/FT.
J

2.00

i

DYNAMIC

PRESSUR E

(pounds/sq. Inch)

641

589

332

299

STAGNATION

TEMPERATURE

(¢legrees Fahrenheit }

|

140

140
i

STAGNATION

PRESSURE

( Pounds/sq inch)

12.2
i

16.o

13.4

18.2

iii|

iii i i

i,

iii i

BALANCE UTILIZED:
AMES RESEARCH CENTER - MARK XV A

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE:

NF .,_GE

SF lO00 LBS/GAGE
i

AF 800 LBS
= i i

PM

RM 2000 IN.-LBS

YM ....

COMMENTS:

MSFC - l-'orm 163.£ (Rev, April It1|)
27



28



u

_E

U
LL.

_m

Z

_J

29



u.

_C

Z

)

i|

3O



P%

N
!

I

N

N

I

z

Z

Z

0

-J

I--"

R r

c

b
I

J , I ,

i [, I I J ,

31

>

Z

r_

m

d

E

<

>

s/s
_J

3

=

Z

U
I

L

r,

,t

{



p,,.
N

!

r,,.

|

iJ_l

._..,

I--,-

o

v

v

LJ.J

-.J
CQ

I"-

I

I

I
I
i

i

!

I

! /

32

I

I

I

i

, °

., o

m q .

m _ u

i

|

).

r',

er

u_

Z

_J

o

i

I

I

I

I
I

I

U

,i

u_

-I

L.

ii



' i<, I

N:
O_ ,

I .J;p

k

Q

L,J C

P

< c

E _

" i :"
:::3 U
Z .-J <
_ .J _
_-" (3

U lie

(Q
.--- :E

_ ._._
_ rr

P- Z:

=

,)

-]

T
]

C

I

J

B

L

N

-=_

,=_

_4

L=

O

i I

I
I

I
, t

!

1

I
I

I

33

I

i

!

r

t
I

,. t

I
1
!

I
z
I

I
1

I

J

I

>

r3

m

<

>

z

u

v,

0

, II

: 0

<

U

Z

_'1¸



C_

|

I

-m

Z

Z

v

n_

i,i

._I

34



35



r_
• N

!
F_
r_

!
,cO
_r

!
_t

V')
tw_
ill

-'r
c_

C_
Imm4

a_

C_
C_

tm
i,I

C_

V')

qY

l.m

v_

v

l,i
_J

)

36



37



m

X

N

0

¥

38



ira,
o

I,I
iI

su

?

o

I
@
Ira.

lh

|

39



40

ul

ah,
II

I

?
im

I
o

IL

b.

!

ID



iI
II

ml

I

41



p...

C_

I

,q-

O_

I.a.J

I'-

C)

t-.q

1.61

.-J

r_
,c:C

p-

TEST RUN NUMBERS

...... r

W

I__ I

>

I-

Z

W

0

Z

W

Z
llg

W

P
.J

¢

0

1,1

<

W

J

>

¢

zw J ,4.. _
o

_',o ..........................
-- -_kn

X

Z J

0

° g
u N u_

I')

t

• >

C I

<

ffl I

_ m

I

q

i W
U

0

" U

" i
I

u

_ g

d

i

q

i

o

_o
•r o

=6
|

62



i

p_
I

N

0

_J

I

all

0
IL

1

43



! i

t':
v

IJJ
._.1

I-'-

,8

%'_1,°

44



TEST RUN NuMOER$

I

i !

!

J

I)
45



:'_j

!

J

'L _1

.°

i T

i
W

4(

I

> I I

z i j'4J

Z

i .
0. t

"' 1
Z ,

- _

m i

Z

W

F-

.J

__J

/

7 1'"' d_=

_._ _ >

.-J _

:_:

<_ _© r =

z
o I_

" - lg

" 3
g •'5

°.o.

TEST RUN NUMBERS

i • i

I
_.i_.

!

i
"]"

I

[ ''
I

!

|

I

I

46

| u

I'
!

.tl
I

- _T-

1

I

[
1

0

N

• >

. 0

_ _ I

>

• O

Fo _

_ m

I"-

U

"2.

0

m

i

1

W



r_
N

!

t

c_

c)
w

dlb

Z

O
_J

m_
V

LiJ
I--J
r_
C_

47



t'M
!

I
¢E

1
lE

L_J

Z

;E
C)
(.J
v

r_
v

i,i
-J
r_
'=E

TEST RUN NUMIlERS

II III

A

_a
.J

<

¢[
<
>

i-
Z
',u
O
Z
ul
Q.j
_J
Q
Z'

•1
Z
E,

n-
Q

= 0 ea ,_, V_ -

sflP

J

_ "

O. I_.

X

Z

ww _ _3
_E _ hh

- _ __

(O :-

J,

t-'i

V_

W ,_

exl P',I_ i ___.... _,

48

"-J _

_1

_ Z

_ v

E

" >

m

u

z
_J

_6

• [d

in

u

w .m

q

m

i

=

l[

.t

q_ w :
..I m

d

)

,A



f

_o'6o

: !

!

49



5O



__L

TEST RUN NUMSIER$

!
I

i i I
I I

i ,

51
"°'o.



M--9224A-77-27
i_.!___ _Engineering &.,{Technoiogy Group

..

!

52

.j



_ Engineering & Technology Group
M-9224A'77:27

6 _ 6 0 o b

II II II li tl

(_) (z2) cD (D <_

....... ,-4 0'_ _ "

N

ur_ LC_

e.--

L_

e---
N

¢xj

¢.e.) e--.

N eO

,-- 0

r-- O_ 0 '--"

C_

C_

Z

0

v

Lad
..J
et_

e-- _ 0 e--

',-- O_ 0 0 C'_

_. e--- e_- e-.-

OD

e-- O_

r--.

',,'b

0

N

53



_ql_'_ M-922_,A-77-27..
_L.JC]_ EngineeKing &Technology Group

L

_ _o. _._ (-,-.)

-- q---T- D FROM MODEL -_ " DELEATE r

_r _ j _ _i_ i I

_ Ln ',--i

c_

LJ--

0

2_

I'-"

I,I
I,I

.,,J

Z
0

F--

_,.J
L._
C_
C:C
C)

W

R_

'-i
I

¢,.,) ,,--.
0,,I ,CO

;...,..

C',4 ; (_
C,4 , CO

(:_ i O0

0 • r
'-'-, 0 t

('-,j
0

o4 i

ol
CD

,,.0

C _ C_

C.4 p,--"

_jc_

I

IN

i_I_o
iC_J

C_

; I

I

i 0,,._

CO

i

o o

0
t

I

_r
C_

ol

_,_,,__

!'_ __ '_ _ I° '"_

....

t-I

Ir"_

I

I

=

m

m

,.-- _

m

g

%

m

¢:_ _ t 0o 0o o o o o o _ o o o _ o o o o o o o o o o o o

54



_ Engineering & Technology Group M-9224A-77-27'

e

r_

,v"

_.1

N
0

'L.:.I

_J

I.A.

CD

_D

OOOO
_001.

0000

.-J

N
N
0

Z

In

o

I.AJ

_D

,-I

.-.I
N
N
0

0
F-

...J

F--
x
l.lJ

O o

I-- l--

f,_)

.,_l ,_,I

c/')

Q. U.

Z Z

F-- h-

_J _J
0 C)

uD

, 55



E°,i...,,°, Groo 

TA-BLE;vI. SCANIVALVE POSITIOH CORRELATION WITH TUBE NUMBER

NOSE SECTION

PORT
FRAME I 2 3 4

0
1
2
3
4
5
6
7
8
9

I0
II
12
13
14
15
16
17
18
19.
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

REFERENCE PRESSURE
CALIBRATION PRESSURE

1 4 60 107
2 5 59 115
3 13 58 1i4

14 6 57 Ii3
15 7 56 112
20 8 55 120
21 9 61 121
22 I0 54 122
31 11 49 123
37 12 53 124
5O ]9 68 125
51 18 72 126
52 17 65 127
67 16 65 131
8] 23 73 130
79 24 69 129
80 25 70 128
82 26 71 134
83 27 78 146
99 28 77 145
98 29 76 144
97 30 75 1,43

REFERENCE PRESSURE
CALIBRATION PRESSURE

111 36 74 147
II0 35 84 142
119 34 85 135
118 33 86 141
116 32 87 140
117 40 88 139
i32 38 89 149
133 44 90 150
138 45 91 151
137 39 95 152
136 4] 94 148
153, 46 93 165
154. 47 92 164
157 42 I00 163

40
41
42
43

156 43 I01 162
155 48 109 161
166 64 102 160
171 63 103 159

44
45
46
47

172 62 96 158
173 108 104 167
174 170 105 168

- 175 I06 169

_,g224A-77-2T
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TABLE Vll. SCANIVALVE POSITION CORRELATION WITH TUBE NUMBER
AFT SECTION

PORT
FRAME 5 6 7 8

0
1
2
3
4
5
6
7
8
9

I0
II
12
13
14
15
16
17
18
19
2O
21
22
23
24
25
26
27
28
29
30
31
32

33

34

35

36
37
38
39
40
41
42
43
44

45

46

47

REFERENCE PRESSURE
CALIBRATION PRESSURE

176 222 268 302
177 221 267 303
178 220 266 304
188 219 265 305
179 218 264 316
180 217 263 315
181 216 262 314
182 225 261 313
183 226 260 312
184 227 259 311
185 228 258 310
186 229 269 309
187 230 270 308
193 231 271 307
192 232 272 306
191 223 273 317
190 233 284 318
189 240 283 319
194 234 282 320

195 224 281 321

196 235 280 332

197 241 279 331

REFERErICE PRESSURE
CALIBRATION PRESSURE

198 236 278 330
199 237 277 329
200 238 276 328

201 239 275 327

202 252 274 326

203 251 285 325

204 250 286 324

205 248 287 323

206 249 288 322

211 247 289 333

210 246 300 334

209 245 299 339

208 244 298 341

207 243 297 340

212 242 296 338

213 253 295 337

214 254 294 336

215 255 293 335

347 256 292 342
348 257 291 343
349 346 290 344
350 351 301 345
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T_BLE VIII.. REFERENCE DIMENSIONS

DIMENSION

SRB Reference Area, S
ref

(cross sectional area of
cylindrical body)

SRB Reference Lengtil, Zref

(diameter of cylindrical body)

SRB Reference Span, bref

(diameter of cylindrical body)

SRB Moment Reference Foint, MRP
(burn out c.g.)

XMRP (from nose)
YMRP (from center line)
Zr.IRP (from center line)

SRB body length, Cbody

FULL SCALF MODEL SCALE

116.261 ft 2

146.0 in.

146.0 in.

1055.836 in.
0
0

1789.553 in.

13.125 in.

4.088 in.

4.088 in.

29. 563 in.
0
0

50. 107 in.

8
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Jl

AMES RESEARCH CENTER BALANCE

MARK XV A

AIR FLOW

SIDE MOUNT STRUT

AMES REsEARCi_ CENI_ER-i3A-LANCE ,_I#_.-", _

MARK Xi _

.NOSE MOU_'- --- " -- " " --

Figure l(k). MODEL AND MAIN FORCE BALANCE ORIENTATION
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NOSE MOUNT
STING

SIDE MOUNT
STRUT

P|N NO.

1

2

3

4

S

6

7

PRESET ANGLE

NOSEMOUNT

155° . 180°

los ° . z3o °

18o 0

155 °

1300

SIDE mb_T

750 . 100 °

IZS° . 1SO°

75

100
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17S

STING/CLEVIS

Figure I(i). MODEL SUPPORT STING AND STRUT PIN HOLE NUMBERS
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APPENDIX A

Model #483 Assembly Drawings Index

Drawings

A-ItoA-4
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APPENDIX B

\

\\k

TABULATED SOURCE DATA

Force and Moment Coefficients

Pressure Coefficients

Test

Section Component

SAIIFA

SRB Fore Body (F)

SRB Aft Body (A)

Nozzle Skirt Base (B)

SAIIFB

SRB Fore Body (F)

SRB Aft Body (A)

Nozzle Skirt Base (B)

Under Nozzle Skirt (U)

Nozzle Balance Cavity (C)

SAIIFC

SRB Fore Body (F)

SRB Aft Body (A)

Nozzle Skirt Base (B)

Nozzle Balance Cavity (C)

(Vol. I)

(Vol. 2 - Microfiche only)

Microfiche

Page Number

i- 13

13- 19

19 - 21

22 - 25

25- 26

26 - 27

27- 28

28 - 29

30- 32

32- 33

33- 34

34- 35
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